® 


J) 


Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 


0 Publication number: 


•0- IT M^u — 

0 260 880 

A2 


® EUROPEAN PATENT APPLICATION 

© Appticalion number: 87308016.2 
@ Date of filing: 10.09.87 


® Int. CI.-: A61K 35/12 , A61K 39/395 , 
C12N 15/00, C12P 21/00 


The microorganism(s) has (have) been deposited 
with American Type Culture Collection under 
number(s) ATCC 40268. 


® Priority: 11.09.86 US 906413 
1&11.86 US 932871 

® Date of publication of application: 
23.03.88 Bulletin 88^2 

® Designated Contracting States: 
BE DE FR GB IT NL SE 


oc 


© Applicant: DANA-FARBER CANCER 

Boston Massachusetts MA 02115<US) 

® Inventor: Reinherz, Ellis L 
113 South Great Road 
Lincoln Massachusetts 01773(US) 
Inventor: Slllcfano, Robert F. 
99 Marlon Street 

Brookllne Massachusetts 02146(US) 

Inventor: Sayre, Peter 

Two Peabody Terrace Apt 406 

Cambridge Massachusetts 02138(US) 

Inventor: Chang, Hsiu-Ching 

16 Lowell Street 

Cambridge Massachusetts 02138(US) 
Inventor: Richardson, Nell 
367 Hunnewell Street 

Needham Heights Massachusetts 02194(US) 

® Representative: Reld, Roger Norton et al 
Brewer & Son 5-9, Quality Court Chancery 
Lane 

London WC2A IHT(QB) 


® Turning on of cytotoxicity. 

® The invention provides a method of turning on the cytolytic effector function of human cytolytic Trails or 
human natural killer cells, the method involving contacting the cells with a substance or mixture of substances 
charactenzed in that the substance or the mixtures binds specifically to the Til sheep erythrocyte binding 
glycoprotein of the cells and is capable upon the binding of tuming on the cytolytic effeaor function Also 
provided IS a cDNA sequence encoding human Tii or a fragment thereof which is capable of inhibitinq T- 
lymphocyte activation. A 
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which permit the cell-to-cell contact necessary for lymphocyte proliferation. To test a fragment for the ability 
to inhibit lymphocyte proliferation, or the cytotoxic effector function, the fragment is contacted with the 
lymphocytes prior to stimulation with mitogen, and degree of proliferation is measured, using standard 
techniques, and the result compared to a control in which the fragment was not used. 

5 Other features and advantages of the invention will be apparent from the following description of the 
preferred embodiments thereof, and from the claims. 

Fig. 1 is a histogram showing lysis of B-lymphoblastoid target cell lines by T-cells treated with 
various monoclonal antibodies (aTll); 

Rg. 2 is a histogram showing the effect of anti-Til antibodies on the cytolytic effector function of 

JO various cell lines; 

Fig. 3 is a histogram showing lysis of various target cells by T-cell clones QQ and JT3: 

Fig, 4 is a diagrammatic representation of the strategy used in sequencing the cDNA (PBl) encoding 

Fig. 5 is the sequence of the PBl cDNA. with the deduced amino acid sequence of Til given on the 
IS bottom line; and 

Fig. 6 is a diagrammatic representation of the Tl 1 molecule, showing functional domains. 


Purification and Characterization of T1 1 

4 10^<* Jurkat cells were washed twice in serum-free medium and lysed for one hour at 4« C in 420 
ml in 10mM Tris. pH 8.0 containing 0.15 M NaCl. 1% Triton-X 100. 1 mM iodoacetamide and the following 
protease inhibitors (Sigma); phenylmethylsulfonylfluoride (ImM), chymostatin (0.5 ag/ml), pepstatin (0.5 
ug/ml), antipain (0.5 ug/ml), leupeptin (0.5 ug/ml). trypsin inhibitor (0.02 ug/ml). The crude lysate was 

25 centrifuged at 3000 ^ g for 20 min. The supernatant was made 0.5% in sodium deoxycholate and ultra- 
centrifuged for 60 min at 150.000 g. 25 10^ Jurkat cells from the same culture were surface 
radiolabelled by lactoperoxidase-cataiyzed iodination. 2 10^ radiolabelled cells were treated with 0.5 ml of 
lysis buffer and added to the large scale lysate. The combined lysates were applied at 0.75 ml/min to a 1 5 
ml pre-clear column containing irrelevant mouse monoclonal antibodies anti-T3 (8C8). anti-Tis (9H5) and 

30 anti-^2 microglobulin coupled to protein A Sepharose beads CL-4B (Pharmacia) at 5 mg antibody per ml of 
beads, followed by a 5 ml specific antibody column containing anti-Tilt (BBS) coupled to protein A 
Sepharose at 5 mg/ml. The anti-Til column was washed with lOmM Tris, pH 8.0 with or without detergents 
and eluted in 1 ml fractions with 0.1 M glycine, PH 3.0. 0.5% Triton-X 100. The fractions were collected in 
tubes containing 60 ul 1 M Tris pH 8.0. 

35 Fractions containing radioactivity were pooled, made . 10% in glycerol and 2% in SDS. heated at 60' C 
for 20 min, loaded onto a 10% preparative polyacrylamide gel in a single lane 10 cm wide, and 
electrophoresed for 16 h at 40 volts. A 0.5 cm wide strip of the gel was dried and autoradiographed and the 
rest stained with Coom.assie blue. Stained bands containing Til were localized by comparison with the 
migration of surface labelled til as shown by the autoradiographed strip. Three regions of the gel at 

40 approximately 55, 53 and 50KD were excised. Gel slices were washed with H2O and electroeluted in 50mM 
ammonium bicarbonate containing 0.1% SOS for 16 h at 50 votts (Hunkapiller et al.. 1983). Sample eluates 
were collected and proteins precipitated at -20 • C for 16 h by the addition of 9 volumes of cold ethanol. 
Precipitated proteins were collected by centrifugation and the protein pellets vacuum dried. 

The ethanol precipitates were resuspended in 0.1% SDS and proteins were sequenced by Edman 

45 degradation on a gas phase protein sequenator (Applied Biosystems, mode* 120A) using the 03RPTH 
program and aqueous trifluoroacetic acid conversion chemistry. The PTH amino acids were identified with 
an on-line PTH analyzer (Applied Biosystems. model 120A) using a narrow-bore C18 reverse phase column 
run in acetatQ buffered S% aqueous tetrahydrofuran and developed with acetonitrile. 5-10 ag from the 55. 
53 and 50 KD bands were analyzed and an identical N-terminal sequence was obtained for each. 18 of the 

50 19 N-terminal positions were assigned as follows: 
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Table 1 


Cytolytic Conditions 

Anti-Tll2+ 

T-cell 


■ Anti-Tlli 

QQ 

Control 

- 

QQ 

Control 


QQ 

5 mM EGTA 


QQ 

5 mM EGTA 


QQ 

25**C 


QQ 

25**C 

+ 

None 

Supernatant* 


QQ 

Anti-T8 


QQ 

Anti-T8 



sSpecific* 'Cr release 


Laz 509 

Laz 156 

6 

81 

47 

68 

0 

1 

2 

7 

2 

42 

3 

5 

1' 

0 

6 

9 

50 

54 


^Supernatant of clone QQ triggered with anti-Tllz and 
anti-Tlli at final dilutions of 1:00 each for 4 h. 
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Refernng still to Table 1. the lysis of Laz 509 and Laz 156 by T^ell clone QQ was measured in the 
absence and presence of anti-Til antibodies in the indicated conditions. Anti-Tli antibodies were used in 
ascites form at a 1:100 final dilution. In one set of wells, QQ celts were omitted and replaced with celMree 
supernatants of clone QQ triggered with anti-Tih and anti-Tiij for 4 h. The supematants were used at a 
50% final concentration. 

Calcium is known to be required in the lethal hit stage of antigen-specific cytotoxicity. We found that it 
IS also required for anti-T1 1 -induced cytotoxicity because lysis is almost completely inhibited by EGTA In 
addition, both antigen-specific and anti-T1l -induced cytotoxicity are inhibited to some extent by low 
temperature; anti-Til antibodies are almost completely inhibited at 25*0. whilst specific killing of Laz 156 
by QQ is reduced by -50%. No stable cytolytic factor was detected in the supematants of T-cell clones 
tnggered with anti-Tlla plus anti-Tlia in this assay system. Consequently, it is likely that either cell contact 
or close effector-target cell proximity is required for anti-Til -induced cytotoxicity. 

These mechanistic similarities between antigen-specific and anti-Til -induced killing suggest that TM:ells 
damage target cells in the same way whether activated through the T3 antigen receptor pathway or via the 
Til molecule. Although Til triggering induces lymphotoxin (LT) secretion by T-cell clones, it is unlikely 
that anti-Til -induced cytotoxicity is mediated by LT alone because the anti-Til -induced lytic effect can be 
measured in a 4.h assay using a variety of target cells, including those which are resistant to the effects of 
LT. In contrast, the detection of LT-mediated cytotoxicity generally requires sensitive target cell lines, longer 
assays and prior target cell conditioning. 

The vast majority of human Natural killer (NK) cells, like early thymocytes, lack Ti o-chain messenger 
RNA. and consequ0ntiy express no surface TS-Ti complex. On the other hand, the 50 kD Til glycoprotein 
IS found on the surface of most NK cells. These results suggest that certain NK cells may be related to T- 
lineage precursors. 

Refening to Rg. 3. various target cells were incubated with Tc and NK clones in the absence (a) or 
presence (b) of anti-Til, and anti-Tih. in the absence of monoclonal antibodies, the representative 
TirT3-NK' clone JT3 efficiently kills the NK-sensitive target cell K562 but not peripheral blood lym- 
phocytes of either of the two B-lymphobiastoid target lines tested. This specificity pattern is clearly distinct 
from that of the Laz 156-specific T-ceit clone QQ. However, after incubation with anti-Tlij and anti-Tih 
antibodies, both JT3 and QQ kill all of the target cells to varying degrees. Similar data were obtained for the 
independently derived NK cell clone JTa,8 (Hercend et al., 1983. 301 Nature 158). This ability of anti-Tii 
antibodies to induce killing activity from cells that lack a T3-Ti antigen/MHC receptor complex suggests that 
the T1 1 molecule represents an alternative pathway of cell activation. More importantly, these findings 
suggest that the Til molecule is a cr.ticai structure for inducing cytolytic function in NK cells as well as T- 
cells. 
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Referring to F,g. 5. the 1.6Kb insert of PB1 (solid line) was separated from the plasmid by BamHl 
digestion and subcloned into the M13 sequencing vector mpl8. The Mi3 universal primer was useTto 
denve initial sequence at the S" end. Subsequently, primers of 17 nucleotides were used S d deoxJ 

s IT^ilZl ^'5° P*^^^'^^^ °" clones which contained BamH l-Sac I and 

5 Sac l-BamH I fragments as shown. The open reading frame of the insert is identified by the thick solid bar 
Referring to Rg. 6. there is shown the cDNA and predicted protein sequence of PBl The orobable 

riLl'i'S'''-^ (— ). the NH^minus of the mature protein ( > ^ , and the position of a CNBr 

cleavage denved fragment ( ^=5 ) are shown. Polyadeny lation signals at nucleotides 1 1 03 and 1 505 are 
,0 i^gg nucleoUde before the poly(A) tail in clone PB2 is indicated by an arrowhead at position 

The complete nucleotide sequence of clone PBl is 1.522 bases in length and flanked by a poly(A) 
sequence at its 3' end. An open reading frame of 1.080 bases (positions 24-1103) begins with an ATG 
methionine codon and is flanked by 23 riucleotides of 5' untranslated sequence and by 419 bases of 3' 
untranslated sequence. A polyadenylation signal (AATAAA) is located 18 bases upstream from the 
beginning of the poly(A) tail (Fig. 6 ). PB2 is identical to PBl except that it lacks four nucleotides present at 
the 5 end of PBl and has a shorter 3' untranslated region. A poly(A) tail was noted in PB2 after the 
nucleo ide corresponding to residue 1125 in PBl (arrow head). The bases from positions 1102 to 1103 form 
part of a Gin codon at amino acid 336 and a stop codon as well as the first five bases of the 
polyadenylation signal AATAAA (nucleotides 1 1 02-1 1 06) for mRNA corresponding to clone PB2 

The f|l-terminal lysine of the mature polypeptide is preceded by a sequence coding for a stretch of 24 
hydrophobic ammo acids which likely represents the signal sequence required for the Til precursor to be 
l?™?o? ^'=7"/!'* endoplasmic reticulum. The cONA sequence predicts three potential N-linked 
glycosylation sites (Asn-X-Ser/Thr) on the mature protein at amino acid positions 65 117 and 126 An 
extremely hydrophobic stretch of 25 amino acids characteristic in size and composition of a transmembrane 
domain is found at positions 186-210. This region is followed by seven basic amino acids within the next 
ten residues consistent with the notion that this Is the start of the intracytoplasmic domain. 21% of residues 
in the region of amino acids 211-336 are prolines. This cDNA sequence predicts a molecular weight for the 
mature polypeptide backbone of 37,994 daltons. 

To determine the molecular weight of the broad 50-55KD band in the absence of N-linked sugars 
surface labelled Til was digested with endoF and analyzed by SOS-PAGE. After digestion with endop' 
there is a loss of the 55KD band and the appearance of a major component at approximately 40KD These 
data suggest that the 55KD protein exists as a 40KD structure in the absence of any N-linked sugar 
moieties and is consistent with the above determined molecular weight of the protein. These results are 
consistent with the possibility that all three N-iinked glycosylation sites may be utilized 
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Two related T1 1 mRNA species 

Northern analysis using polyA* RNA or cytoplasmic RNA from a variety of sources indicates that 
expression of the PBl and PB2 sequences .s T lineage specific and yiekls two common bands of 1.7 and 
1.3Kb. Thus, each of six human T lineage cells tested including activated T helper clones, thymus derived 
tumors normal thymocytes, activated T ceils, and resting peripheral blood T lymphocytes expresses the 
1.7 and 1.3Kb transcripts. In contrast. non-T lineage cells such as normal peripheral blood B cells and 
macrophages, an EBV-transformed B lymonooiastoid line. Laz 509. and the non-l^mphoid hematopoietic 
cell lines HL-60 and U937 lack both transcripts. Given the similarity in size differences between the PBl 
and PB2 inserts (-400 bases) and tfyi two species of mRNA. it is likely that PBl and PB2 cDNAs 
correspond to the 1.7Kb and l.3Kb transcnpts. respectively. This is further suppoited by the finding that an 
oligonucleotide based on- a sequence trom me 3- untranslated region unique to PBl selectively hybridizes in 
northern analysis to sequences in the ' :ko jite region. 

Considerable variability exists w,m.n me .evei of expression of the 1.7 and l.3Kb transcripts among 
individual T lineage tumor cells and onv,««3g.c T cell populations. Also, activated T cells express >10 fold 
higher amounts than resting T lympryxyrw rh,s result is consistent with data indicating that Til surface 
expression increases from 20,000 to MOOOO coo-es per cell upon activation with mitogens or antigens 
during a six day period and . suggests m« m.s differential expression is at least in part transcriptionally 
55 reQulatdd. 
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Cells transfected with PBl. like T-cells which naturally produce Til. do r,ot secrete T11 but -ather 
tmncated Tli T?.' «^ar,srnembrane anchor, with only the external domain exoosed.. A 

truncated Til molecule, with the transmembrane and cytoplasmic domains deleted can unlike the 
complete Til molecule, be secreted by transfected cells and used In the applications described below 
Such a truncated molecule can be prepared in a manner analogous to the method by which an anchor^ 
minus IL-2 receptor molecule was prepared by Treiger et al. (1986) J. Immunol. 136. 4099 The truncated 

lL-2 receptor was found to be capable of binding to its ligand. IL-2. 

To make the truncated Tl1 molecule. PBl or PB2 cDNA representing the gene for the entire T11 
molecule will be restricted with Pvu II. This enzyme uniquely cuts within the 1.522 base pair Til molecule 
»o CDNA msert at base 629. resulting in removal of all transmembrane and intracytoplasmic sequences and 
seven ammo adds of the external domain. Subsequently, a 14 base phosphorylated synthetic 
ol,gonucleot.de (CTAAGAATTCTTAG) containing the third base of the codon for amTno acid 178 a 
termination codon TAA followed by the six base recognition sequence for EcoR I (GAATTC) and four 
nucleotides (TTAG) complementary to CTAA. will be ligated to the Pvu II restricted plasmid DNA with T4 
, '"S®'*^^ ""'^ ' '° ^«P^^«« 5- end of the cDNA insert from the 

h?lT .f. K subcloned into an appropriate expression vector. For example, this fragment could 

be blunted by T4 DNA polymerase to remove the Pst site and then be ligated to the EcoR I linker by T4 
ligase^ Rnally It could be digested with EcoR I before ligation into the unique EcoR I site of the publicly 
available PctXV-1 expression vector. 

20 

Use 

« tr«,l"«nr ^'^I:- '^'^ ^ ^'^'^^'^^ ''^ in vitro or in vivo and used in the 

25 treattnent of any medical condition characterized by the presence of unwanted c^ In particular the 

°" cytotoxicity of T, and NK cells so that they will attack and kill pathogen- 
infected cells. e.g.. cells infected with baaenal. fungal, viral, or protozoan pathogens: or tumor cells eg 
lung, colorectal, or esophageal cancers. 

,« . IJ^ ^ - — ^^atio" is to obtain resting NK and/or Te cells, either from ttie patient or a 

30 sui^le donor. TTiis is typically done by separating out lymphocytes from blood and then, optionally 

cultunng the lymphocytes in the presence of lnterleukin-2 to expand their numbers. (The methods by which 

lymphocytes are separated out. cultured, treated with lnterleukin-2. and used to treat cancer patients are 

descnbed in detail in Rosenberg et al. (1985) New Eng. J. IMed. 313 . 1485.) 

The lymphocytes and/or NK cells are .ncubated with the cytotoxicity-inducing substance for a relatively 
35 Short time period (e.g.. four hours at 30-WC. in the presence of calcium ions), and subsequently infused 

into the patient. Infusion can be via an anenai or venous catheter or into a large peripheral vein 

Alternatively, rather than activating T, and NK cells in vitro, the activating substance can be admin- 

istered £ vivo, most preferably by direct perfusion of the tumor with the substance. e.g.. via the hepatic 

artery to induce cytotoxicity of existing NK and T^ Cells. 
« The methods of the invention induces cytotoxicity in a way which bypasses the normal T1 1 recognition 

mechanism, arid enables the resultant actnoued NK and T. cells to attack and kill their target cells without 

fuller freatment (NK cells have a broad range of target specificity, while T. ceils recognize tumor cells by 

«=cording to the invention will 

activate the totality of NK and T, cells, and be complete in a few hours. 

" "^^ ' °' can be used in a variety of diagnostic and therapeutic 
applKations. all of which are based on the binding of Til to its natural ligand on human lymphocytes and 
homokDgous surface structures present on target cells which facilitate T lymphocyte - target cell inter- 
artions. which result in target cell iys.s or lymphocyte proliferation. (Siiiciano et al. Nature 317:428-431 
(1985): and Palacios and Martinez-Maza. J. Immunol. 1292479-2485 (1982). 

50 The Til molecule is expresseo oo n>« surface of many human T-cell malignancies, e.g T-cell 
teukemias and lymphomas, in addition autcmmune diseases, e.g.. rheumatoid arthritis and Systemic Lupus 
Erythmatosis (SLE). are charaaenzeo oy tr^e presence in the blood and lymph of large numbers of Tii- 
beanng T-cells. Rapid cell turnover .n 'r>«t« a.sease states can cause the shedding of the Til molecule 
into the bloodstream. 
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FIG. 2 
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